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(57) ABSTRACT

An oxygen storage material based on cerium oxide with at
least one other oxide of the metals silicon and zirconium,
wherein the cerium oxide and the other oxides are present in
the form of a mixed oxide. The material 1s obtainable 1n that
hydroxidic precursors of the mixed oxide are first prepared
in a manner known per se using a wet-chemical route, these
precursors are optionally dried at temperatures between 80
and 300° C. and the dried precursors are then treated under
a hydrogen-containing atmosphere at a temperature between
600 and 900° C. for a period of 1 to 10 hours. The reductive
thermal treatment endows the material with a greatly
improved dynamic behavior as compared with conventional
calcination 1n air.
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TPR of Ce/Zr 11, 2 wt.% Pd
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OXYGEN STORAGE MATERIAL BASED ON
CERIUM OXIDE, A PROCESS FORITS
PREPARATION AND ITS USE

INTRODUCTION AND BACKGROUND

The present invention provides an oxygen storage mate-
rial containing cerium oxide as well as a process for its
preparation and its use for the catalytic conversion of
substances, 1n particular for the treatment of exhaust gases
from internal combustion engines.

Internal combustion engines emit as primary pollutants,
with the exhaust gases, carbon monoxide CO, unbumnt
hydrocarbons HC and nitrogen oxides NOx, a high percent-
age of which are converted by modem exhaust gas treatment
catalysts 1nto the harmless components water, carbon diox-
ide and nitrogen. Conversion takes place substantially under
stoichiometric conditions, that 1s to say the oxygen present
in the exhaust gas i1s controlled with the aid of a so-called
lambda probe in such a way that the oxidation of carbon
monoxide and hydrocarbons and the reduction of nitrogen
oxides to nitrogen can take place almost quantitatively. The
catalysts developed for this purpose are called three-way
catalysts. They usually contain, as catalytically active com-
ponents, one or more metals from the platinum group 1in the
Periodic Table of Flements on high surface area support
materials such as y-aluminum oxide with specific surface
areas of more than 50 m~/g.

Stoichiometric conditions are present when the air/fuel
ratio A 1s 1. The air/fuel ratio A 1s the air/fuel ratio normal-
1zed to stoichiometric conditions. The air/fuel ratio states
how many kilograms of air are required for complete
combustion of one kilogram of fuel. In the case of conven-
tional gasoline engine fuels, the stoichiometric air/fuel ratio
has a value of 14.6. Substoichiometric exhaust gas compo-
sitions with A<l are called rich and superstoichiometric
compositions with A>1 are called lean.

The engine exhaust gas, depending on the load and the
speed ol revolution of the engine, experiences relatively
large periodic variations 1n air/fuel ratio around the value 1.
For better conversion ol oxidizable pollutant components
under these dynamic conditions, oxygen storage compo-
nents such as, for example, cerium oxide, are used which
bind oxygen by changing the oxidation state from Ce’* to
Ce™ when it is present in excess and release it again for the
oxidative reaction by changing from Ce** to Ce * when
there 1s a 1nsufliciency of oxygen 1n the exhaust gas.

Car exhaust gas catalysts are subjected to exhaust gas
temperatures of up to 1100° C. These high temperatures
require the use of appropriate materials for the catalysts
which are thermally resistant and have long-term stability.

EP 0 207 857 B1 describes a material based on certum
oxide which contains as essential components cerium oxide
and an additive consisting of at least one of the oxides of the
metals A from the group aluminum, silicon, zircontum and
thortum. The material, with a specific surface area of more
than 10 m®/g, is stable up to a firing temperature of 900° C.

EP 0 444 470 Al describes a high surface area certum
oxide which consists of an mtimate mixture of cerium oxide
with 5 to 25 mol %, with respect to moles of cerium oxide,
of a certum oxide stabilizer. Lanthanum, neodymium and
yttrium are mentioned as stabilizers. The material 1s
obtained by co-precipitation from a common solution of a
certum oxide precursor and a precursor of the certum oxide
stabilizer and subsequent calcination 1n air at temperatures
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above 500° C. The BET surface area of this material after
calcination at 980° C. for a period of 4 hours 1s still more

than 20 m*/g.

EP 0 337 809 A2 describes a catalyst composition which
contains, inter alia, zirconium oxide particles stabilized with
certum oxide. The zircomium oxide particles are stabilized
with certum oxide by impregnating zirconium oxide with a
certum salt solution. The impregnated particles obtained
therefrom are dried and calcined until the graphical repre-
sentation of the X-ray diflraction spectrum no longer shows
a peak for the crystalline form of certum oxide. Cerium
oxide 1s present in the certum oxide/zirconium oxide mix-
ture 1n an amount of 10 to 50 wt. %, with respect to the
zircomium oxide. In addition to the cerium salt, an yttrium
and/or calcium salt may also be used. The X-ray difiraction
spectrum, after the material has been calcined for 10 hours
i air at a temperature of 900° C., shows only a peak for
tetragonal zirconium oxide and no peak for cerium oxide.
Cerium oxide 1s thus present 1n this material substantially 1n
the form of a solid solution with the zirconium oxide.

EP 0 827 775 Al describes an oxygen storage mixed
oxide. The mixed oxide consists of cerium oxide or a

ceriumy/zirconium mixed oxide which 1s loaded with

prascodymium oxide. The molar ratio of praseodymium to
certum 1n the mixed oxide 1s between 1:4 and 4:1.

WO 98/424377 describes a catalyst composition which
contains a mixed oxide of certum and praseodymium and
optionally one or more other rare earth oxides. The atomic
ratio Pr:Ce 1s 1n the range between 2:100 and 100:100. The
mixed oxide may be obtained by co-precipitation or by
impregnating cerium oxide particles with a praseodymium
precursor compound and then calcining in air and has,
compared with pure cerium oxide, an 1mproved oxygen
storage capacity.

WO 98/45027 describes another catalyst composition
which contains an oxygen storage material with improved
oxygen storage capacity. The oxygen storage material 1s a
mixed oxide which contains oxides of cerium, neodymium
and zirconium. The material can be obtained by co-precipi-
tation of compounds of zirconium and the rare earth metals
tollowed by calcination 1n air.

The known oxygen storage maternals are used 1n three-
way catalysts for the treatment of exhaust gases from
stoichiometrically operated internal combustion engines. An
essential criterion for assessing these materials 1s thus their
ability to improve the conversion of carbon monoxide and
nitrogen oxides under the dynamic conditions prevailing in
the exhaust gas. One measure of the dynamic conversion 1s
the point of 1ntersection of the conversion curves for carbon
monoxide and nmitrogen oxides, the so called “cross-over”
point for exhaust gas compositions varying periodically
between rich and lean. The conversion measured at the
cross-over point 1s the highest conversion which can simul-
taneously be obtained for carbon monoxide and nitrogen
oxides and 1s a measure of the rate at which 1t 1s possible to
change the oxygen storage material being used from one
oxidation state to the other. This property of the storage
material 1s called the dynamics in the following. The higher
the conversion at the cross-over point, the better also 1s the
dynamic behaviour of the catalyst under consideration.

An object of the present invention 1s to provide an oxygen
storage material which has better dynamic behaviour than
the materials described hitherto. Further objects of this
invention are a process for preparing this material and the
use of this material in exhaust gas treatment catalysts for
internal combustion engines.
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SUMMARY OF THE INVENTION

The above and other objects of the present invention can
be achieved by an oxygen storage material based on certum
oxide with at least one other oxide of the metals silicon and
zirconium, wherein the cerium oxide and the other oxides
are present 1n the form of a mixed oxide. The maternial can
be obtained by first preparing a hydroxidic precursor of the
mixed oxide 1n a manner known per se using a wet-chemical
route, optionally drying this precursor at temperatures
between 80 and 300° C. and then treating the dried precursor
under a hydrogen-containing atmosphere at a temperature
between 600 and 900° C. for a period of 1 to 10 hours.

In the context of this application, a mixed oxide 1s
understood to be a matenal consisting of at least two oxides
which are present 1n an mtimate mixture on the molecular
scale and which exhibits a single-phase crystal structure.

The matenial according to the mmvention differs from
known mixed oxides based on cerium oxide due to the
greatly improved mobility of the oxygen in the crystal lattice
and the better dynamics associated therewith during the
redox process taking place between the oxidizing and reduc-
ing components 1 a stoichiometrically composed exhaust
gas.

To prepare the material, hydroxidic precursors of the
mixed oxide are first formed 1n a wet-chemical process
known per se. A suitable wet-chemical process for this
purpose 1s, for example, co-thermohydrolysis of aqueous
solutions of the salts of certum and zirconium and/or silicon.
Thus, aqueous solutions of certum nitrate and zirconyl
nitrate can be hydrolyzed in autoclaves by raising the
temperature. Another wet-chemical process for preparing
hydroxidic precursors 1s so-called co-precipitation. Here,
salts of cerium and zirconium and/or silicon 1n an aqueous
solution are precipitated in the form of hydroxides by adding
a base. Further suitable processes are described, {for
example, n EP 0 207 857 B1 and 1n EP 0 444 470 Al.

The hydroxidic precursors are separated from the reaction
medium and can then be dried at temperatures between 80
and 300° C. This treatment leads to a partly amorphous
oxide/hydroxide/carbonate mixture which has a loss on
1gnition, due to the hydroxide and carbonate content, of at
least 2 wt. %. Drying 1s preferably performed 1n such a way
that the loss on 1gnition 1s at least 4, 1n particular at least 6
wt. %. The maximum loss on 1gnition of this oxide/hydrox-
ide/carbonate mixture does not usually exceed 20 wt. %. The
specific surface area (BET surface area measured according
to DIN 66132) 1s at least 80, generally more than 140 and
frequently even more than 200 m*/g.

To convert these precursors into the material according to
the invention, they are subjected to thermal treatment under
reducing conditions such as, for example, thermal treatment
at 600 to 900° C. for a period of 1 to 10 hours under forming
gas (95 vol. % nitrogen+5 vol. % hydrogen). Surprisingly, 1t
has been shown that this thermal treatment endows the
oxygen storage material with better dynamic behaviour than
calcination under oxidizing conditions, as 1s disclosed 1n the
prior art.

As a result of thermal treatment under reducing condi-
tions, the specific surface area of the material 1s also
reduced. The duration and temperature of thermal treatment
should thus be managed 1n such a way that the specific
surface area of the final material 1s not less than 20,
preferably not less than 40 m*/g.

According to current understanding of the invention, the
improved dynamics of the material according to the inven-
tion are due to the thermal treatment with hydrogen facili-
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tating restructuring and modified onientation of the compo-
nents of the mixed oxide 1n the crystal lattice. The structure
of the mixed oxide according to the invention has, as
compared to the structure obtainable by calcination in air,
increased long-distance order in the primary crystallites
which increases the mobility of oxygen in the crystal lattice
and thus increases the rate of the redox cycle.

The material according to the invention preferably con-
tains 20 to 99 wt. % certum oxide, with respect to the total
weight ol material. The material particularly preferably
contains 60 to 90 wt. % certum oxide and 40 to 10 wt. %
zZirconium oxide.

Instead of preparing the oxide/hydroxide/carbonate mix-
ture 1tself, a pre-made, purchased oxide/hydroxide/carbon-
ate mixture can be converted subsequently into the material
according to the invention by the reductive thermal treat-
ment mentioned above. In this case, temperatures between
600 and 900° C. are also applied for a period of 1 to 10
hours. It 1s important that the purchased material also has a
loss on 1gnition of at least 2 wt. % and a specific surface area
of more than 80 m*/g. A loss on ignition of more than 2 wit.
% 1n combination with a corresponding, high, specific
surface area 1s a sign that the material has not previously
been subjected to too intense calcination 1n air and therefore
that its dynamic properties can still be improved by reduc-
tive thermal treatment. From experience, subsequent reduc-
tive thermal treatment of oxygen storage materials with a
loss on 1gnition of less than 2 wt. % does not lead to an
improvement in their dynamic properties.

The combination of loss on 1gnition and specific surface
area for which suflicient improvement 1n the material prop-
erties can be produced by thermal treatment under reducing
conditions depends on the material. For certum/zirconium
mixed oxides, 1t has been shown that this 1s the case with
losses on 1gnition of more than 6 wt. % and specific surface
areas of more than 140 m*/g.

In a preferred embodiment of the material according to
the 1invention, 1t also contains an additional 0.5 to 20 wt. %
of at least one metal from the group yttrium, scandium,
lanthanum, praseodymium, neodymium, samarium, gado-
limum and terbium, calculated as oxide. These doping
additives increase the thermal stability of the oxygen storage
material and can also further improve the mobility of oxygen

ions 1n the crystal lattice due to additional defect centres 1n
the lattice.

BRIEF DESCRIPTION OF DRAWINGS

The present invention will be further understood with
reference to the drawings, wherein:

FIG. 1 1s a graph showing the results of TPR measure-
ments on a material according to the invention; and

FIG. 2 1s a graph showing the results of TPR measure-
ments on a comparison material.

DETAILED DESCRIPTION OF INVENTION

The invention 1s explained 1n more detail 1n the following
examples. In the examples, conventional honeycomb carrier
structures made of cordierite (cell density: 62 cm™) were
coated with catalytically active coatings using different
oxygen storage materials based on certum/zirconium mixed
oxides and their catalytic activity was tested.

To make the catalysts, the commercially available raw
materials specified below were used. Inter alia, three grades
of a certum/zirconium mixed oxide, each with a zirconium
oxide content of about 30 wt. %, with respect to the total
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weight of mixed oxide, were used. The cerium/zirconium
mixed oxide called CeO.,/ZrO, I 1s a co-precipitated material
which had been calcined 1n air to only a small extent during
production and thus had a relatively high specific surface
area of 220 m*/g. The loss on ignition was 10.1 wt. %.
CeO,//ZrO, 11 and CeO,/ZrO, 111 were also co-precipitated
mixed oxides, but these had already been subjected to
intense calcination in air during production and thus had
specific surface areas of only 121 and 77 m?/g respectively.

La/Al,O;. v-alumimum oxide, stabilized with 3 wt. % lanthanum,
calculated as lanthanum oxide; BET surface area in the
condition as supplied: 140 m?/g; average particle size
in condition as supplied: dsg = 15 um;

mixed oxide of aluminum oxide and 30 wt. % cerium
oxide and 30 wt. % zirconium oxide, with respect

to the total weight of mixed oxide; BET surface area in
condition as supplied: 102 m?/g; average particle size
in condition as supplied: dsp =~ 28 um;

pure gamma-aluminum oxide; BET surface area in
condition as supplied: 140 m?/g; average particle size
in condition as supplied: dsg =~ 15 um;

co-precipitated cerium/zirconium mixed oxide with

70 wt. % cerium oxide

BET surface area in condition as supplied: 220 m®/g;
loss on 1gnition: 10.1 wt. %

average particle size 1mn condition as supplied:

dsp ~ 10 pum;

co-precipitated cerium/zirconium mixed oxide with

70 wt. % cerium oxide

BET surface area in condition as supplied: 121 m?/g;
loss on 1gnition: 5.4 wt. %

average particle size 1n condition as supplied:

dso = 16 pm;

co-precipitated cerium/zirconium muxed oxide with

70 wt. % cerium oxide

BET surface area in condition as supplied: 77 m?/g;
loss on ignition: 3.5 wt. %

average particle size 1n condition as supplied:

dso = 16 um;

(Al, Ce, Zr)
oxide:

V-ALO;,

CeO,2105 I

CeO,/ZrO, 1I:

CeO,/Z1O, I1I:

BaO: barium oxide, technical grade

Pd(NO;)-. palladium nitrate

Rh(NO;);,. rhodium nitrate

Honeycomb cordierite; 62 cells/em?; volume: 0.618 1;
structure: dimensions: 101.6 mm O; 76.2 mm length

Oxygen Storage Capacity:

In a preliminary trial, the oxygen storage capacity of the
material according to the mnvention was compared with that
of the conventional oxygen storage material CeO,/7ZrO, II.
The material according to the invention was obtained by
thermal treatment of CeO,/ZrO, I at 900° C. for a period of
6 hours under forming gas. Both materials were impregnated
with palladium nitrate by applying the pore volume impreg-
nation method and then calcined 1n air for 2 hours at 500° C.
The matenals were saturated with oxygen due to calcination

in air. The final materials contained 2 wt. % Pd, with respect
to their total weight.

To determine the oxygen storage capacity, both samples
ol materials were subjected to a TPR measurement (Tem-
perature Programmed Reduction). The TPR spectrum was
recorded in an argon/hydrogen atmosphere (5 vol. % hydro-
gen). The material samples were heated from room tem-
perature to 900° C., at a rate of 20° C./min, and the hydrogen
consumption occurring due to reaction with the stored
oxygen was measured. The results of these measurements
are shown graphically in FIG. 1 for the maternal according
to the mvention and 1n FIG. 2 for the comparison material.

In the temperature range between room temperature and
2’70° C. the material according to the invention showed a
hydrogen consumption of 15.6 ml H,/g catalyst, whereas the
conventional CeO,/ZrO, II had a hydrogen consumption of
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only 11.1 ml H,/g catalyst. The total hydrogen consumption
up to a temperature of 900° C. was 15.5 ml H,/g catalyst for
the conventional material and 18.3 ml H,/g catalyst for the
material according to the ivention.

These measurements show that the material according to
the invention has 40% greater availability of stored oxygen,
even at low temperatures. In addition 1t has approximately
20% greater oxygen storage capacity over the entire tem-
perature range from room temperature to 900° C.

COMPARISON

EXAMPL.

(L]

1

An aqueous coating solution was made up which con-
tamned La/Al,O;, CeO,/ZrO, 1 and BaO in the ratio by
amounts of 6:6:1. The solids content of the suspension was
45 wt. %. The suspension was homogenized 1n a mill until
the average particle size of the solids was about 2-3 um.

A honeycomb structure was coated by immersion 1n this
suspension. The eeatmg was dried for 1 hour at 120° C. and
then calcined 1n air for a period of 2 hours at 300° C. Then
the coating was 1mpregnated with a solution of palladium
nitrate, and again dried and calcined. The final layer con-
tained the following amounts of coating materials:

La/AlO;: 60 g/1°

+Pd:2.12 /1

o

CeO, /ZrO,1 (70 /30); 60 g/l
(corresponding to 60 g/ft’)

BaO: 10 g/1

The catalyst prepared 1n this way 1s called CC1 in the
following.

COMPARISON

EXAMPLE 2

Another catalyst was prepared 1n accordance with com-
parison example 1. Instead of CeQ,/Zr0, I, however, CeO /

/r0, II was used. The catalyst prepared 1n thls way 1s called
CC2 in the following.

COMPARISON

EXAMPL.

(L.
(s

Another catalyst was prepared 1n accordance with com-
parison example 1. Instead ot CeQ,/ZrO, 1, however, CeO /

ZrQ,, 111 was used. The catalyst prepared 1n thJS way 1s called
CC3 in the following.

EXAMPLE 1

Another catalyst was prepared 1n accordance with com-
parison example 1. However, the CeO,/Zr0, I was subjected
to a reducing treatment 1n forming gas at 900° C. for a period
of 6 hours prior to its use. The catalyst prepared 1n this way
1s called C1 1n the following.

APPLICATION EXAMPL.

L1l
[

All four catalysts were subjected to hydrothermal ageing
at 985° C. 1n an atmosphere of 10 vol. % water, 10 vol. %
oxygen, with the remainder nitrogen, for a period of 16
hours. Afterwards, core samples (25.4 mm & and 76.2 mm
length) were taken from the catalysts and their rates of
conversion were measured 1n a model gas unit at three
different temperatures (350° C., 400° C. and 450° C.) of the
model exhaust gas, a space velocity SV of 225,000 h™! and
an air/fuel ratio of A=0.99. Durning the measurements the
air/fuel ratios were modulated with a frequency of 1 Hz and

an amplitude of £0.8 A/F.
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The composition of the model gas 1s given 1n table 1 and
the results of the measurements are listed 1n table 2.

TABLE 1

Composition of the model exhaust gas

(gas component Concentration Gas component Concentration

CO 0.7 vol. % NOx (NO) 0.2 vol. %

H, 0.23 vol. % CO, 13 vol. %

O, 0.65 vol. % SO, 20 ppm

Propene 666 ppm H->O 10 vol. %

Propane 333 ppm N, remainder
TABLE 2

Pollutant conversions for catalysts CC1, CC2, CC3 and C1 at a space
velocity of 225,000 h™! and A = 0.99; 1 Hz + 0.8 A/F

T = 350° C. T = 400° C. T = 450° C.

CO HC NO, CO HC NO, CO HC NO,

Catalyst [%] [%] [%] [%] [] [%] [%] [%] [%]
CCl 458 443 18.1 448 649 428 419 756 55.5
CC2 498 498 248 457 68.1 480 420 77.9 60.8
CC3 498 507 237 42.6 668 444 371 767 55.8
Cl 527 561 384 492 728 597 472 81.6 71.2

After completing these measurements at the particular
temperature, the air/fuel ratio was increased from 0.99 to
1.01 over 5 minutes by raising the oxygen content. The
cross-over points of the CO and NOx conversion curves
were determined 1n this way. The values measured are listed
in table 3.

TABLE 3

Cross-over points CO/NOx of the CO and NOx conversion curves for
catalysts CC1, CC2, CC3 and C1 at SV = 225,000 h™! and with an air/fuel

ratio modulation of 1 Hz + 0.8 A/F

T = 400° C. T = 450° C.
CO/NOx CO/NOx
Catalyst [90] [%0]
CCl1 51.4
CC2 47.2 54.9
CC3 43.8 50.0
Cl 56.6 63.0

COMPARISON EXAMPLE 4

A two-layered catalyst was made up on a honeycomb
structure using the matenals specified above. The first layer
of this catalyst lay directly on the honeycomb structure. The
second layer was applied on top of the first and was in direct
contact with the exhaust gas to be treated. The composition
of the final catalyst 1s given below:

Composition of the first layer:

(Al, Ce, Zr) oxide: 120 g/1°
CeQ, /ZrO,1 (70/30): 24 g/1 ¢+ Pd: 1.908 g/1
BaO: 17 g/l

To make up the first layer, the three oxidic materials were
suspended 1n water and homogenised 1n a mill. Then palla-
dium was deposited onto all three components 1n suspension
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by adding a solution of palladium nitrate and a honeycomb
structure was coated by immersion 1n this suspension, fol-
lowed by drying and calcination of the honeycomb structure.

Composition of the second layer:

La/Al,O4: 10 g/l + Rh: 0.212 g/l
Ce0O,/7Z10, I (70/30): 20 g/l
Al,Og: 30 g/l

To make up the second layer, La/Al,O, was first coated
with rhodium by impregnating with rhodium mitrate. Then
the catalyzed La/Al,O;, together with the other oxidic
components, was processed to produce a coating suspension
and the honeycomb structure was coated by immersion 1n
this suspension. The coating was dried 1n the same way as
described when making up the first layer and then calcined.

The catalyst prepared in this way 1s called CC4 1n the
following.

EXAMPLE 2

Another double-layered catalyst was prepared 1n accor-
dance with comparison example 4. However, the CeO,/Zr0O,
I was subjected to a reducing treatment 1n forming gas at
900° C. for a period of 6 hours prior to 1ts use. The catalyst
prepared 1n this way 1s called C2 1n the following.

APPLICATION EXAMPLE 2

The two catalysts CC4 and C2 were subjected to a cyclic
rich/lean rapid ageing for a period of 40 hours 1n the engine.
The ageing cycle consisted of four phases. In the first phase,
the engine 1s operated for a period of 20 seconds with a
stoichiometric air/fuel mixture. Accordingly, the exhaust gas
also has a stoichiometric composition (A_,,,..r gas—1-000).
Then the engine 1s operated for a period of 16 seconds with
a rich air/fuel mixture and the carbon monoxide concentra-
tion 1n the exhaust gas 1s raised from about 0.6 vol. % to 5
vol. % by appropriate adjustment of the engine management
system. After the passage of 6 seconds of this rich phase,
secondary air 1s added to the exhaust gas upstream of the
catalyst in order to burn, on the catalyst, the carbon mon-
oxide emitted by the engine. As a result of the exothermal
heat being thus released, the bed temperature of the catalyst
rises to 1050° C. After termination of the rich phase, the
addition of secondary air 1s stopped and the engine 1s again
operated for a period of 4 seconds with a stoichiometric
air/Tuel mixture. The ageing cycle lasts 40 seconds and 1s
repeated constantly during the entire ageing period of 40
hours.

After completing this ageing process, the light-oil behav-
iour and the maximum pollutant conversion by the catalysts
were measured on the engine test bed. For this, the catalysts
were subjected to a real exhaust gas, the temperature of
which was raised from 100 to 500° C. at a rate of 15° C./muin,
at a space velocity of 50,000 h™'. The exhaust gas had an
air/fuel ratio A=0.999, which was modulated with 1 Hz+0.5
A/F (A/F=air/tuel ratio). The results of these measurements
are given 1n table 4.
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[ight-off temperatures of the catalysts and maximum pollutant conversion

CO HC NOx CO HC NOx
Cata- L5004 L5004 L5004 Tg00s Tg00s Tg00,  COpax HC
lyst °C.] [°C.] [”C] [°C] [°PC.] [°C.] |9%] |90]
CC4 384 373 381 391 412 RO 95
C2 370 359 368 445 496 438 95 96

Columns 2 to 4 contain the light-ofl temperatures of the
catalysts, that 1s the temperatures at which 50% of the
particular pollutant 1s converted. Columns 5 to 7 contain the
corresponding temperatures for 90% pollutant conversion.
Columns 8 to 10 give the maximum degree of pollutant
conversion measured. It can be seen that the catalyst pre-
pared using the oxygen storage material according to the
invention has substantially lower light-ofl temperatures and
higher maximum rates of conversion than the comparison
catalyst.

The cross-over points of the CO and NOx conversion
curves were also measured for these catalysts at an exhaust
gas temperature of 400° C. and a space velocity ot 50,000
h on the engine test bed. The air/fuel ratio was modulated
with a frequency of 1 Hz and an amplitude of £0.5 A/F. The
results are given 1n table 3.

TABLE 5

Cross-over points CO/NOx of CO and NOx conversion curves

Rich — lean lean — rich

CO/NOx HC CO/NOx HC
Catalyst [%] [%] (%] [%]
CC4 66 R8 63 RR
C2 72 91 73 91

Table 5 contains the experimentally determined values for
the cross-over points on changing from a rich to a lean
exhaust gas and also for the change from a lean to a rich
exhaust gas.

Further variations and modifications of the foregoing will
be apparent to those skilled in the art and are intended to be
encompassed by the claims appended hereto.

European priority application EP 00 117 898.7 1s relied on
and incorporated herein by reference.

What 1s claimed 1s:

1. A process for preparing an oxygen storage material for
use 1n an automobile exhaust gas purification system, com-
prising preparing a hydroxidic precursor of a mixed oxide of
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certum and at least one of silicon or zircomum by a
wet-chemical process, drying said precursors at a tempera-
ture from 80° C. to 300° C. with the formation of an
oxide/hydroxide/carbonate dried mixture, treating the dried
mixture under a hydrogen-containing atmosphere at a tem-
perature from 600° C. to 900° C. for a period of 1 to 10
hours.

2. The process according to claim 1 wherein said wet-
chemical process 1s carried out by (a) co-thermohydrolysis
ol an aqueous solution of salts of certum and at least one of
zircomium or silicon (b) precipating hydroxides of cerium
and at least one of zirconium or silicon from an aqueous
solution of their respective salts by adding a base to said
aqueous solution.

3. A process for improving the oxygen storage capacity
and the dynamic behavior of oxygen storage materials
comprising mixed oxides of certum oxide and zirconium
oxide, wherein said oxygen storage material has a loss on
ignition of more than 6 wt.-% and a specific surface area of
more than 140 m®/g and wherein the process comprises
heating said oxygen storage material 1n a reducing atmo-
sphere at temperatures between 600 and 900° C. for a period
of 1 to 10 hours.

4. The process of claim 3, wherein said oxygen storage
material contains 20to 99 wt.-% of cerium oxide with
respect to the total weight of said oxygen storage material.

5. The precess of claim 4, wherein said oxygen storage
material contains 60 to 90 wt.-% of certum oxide and 40 to
10 wt.-% of zirconium oxide with respect to 1ts total weight.

6. The process of claim 4, wherein said oxygen storage
material further comprises 0.6 to 20 wt.-% of a metal oxide,
wherein the metal of the metal oxide is selected from the
group consisting of vyitrium, scandium, lanthanum,
prasecodymium, neodymium, samarium, gadolinium and ter-
bium.

7. The process according to claim 3, wherein the oxygen
storage material has a specific surface area of more than 20
m~/g after heating in said reducing atmosphere.
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